Although thyroid cancer usually has an excellent prognosis, few therapeutic options are available in the refractory setting. Based on the recent results of phase II studies with tyrosine kinase inhibitors, we designed a retrospective analysis of patients with metastatic thyroid cancer treated with sorafenib in seven Spanish referral centers. Consecutive patients with progressive metastatic thyroid cancer (papillary, follicular, medullary, and anaplastic) not suitable for curative surgery, radioactive-iodine therapy, or radiotherapy were treated with sorafenib 400 mg twice a day. The primary end point was objective response rate (RR). Secondary end points included toxicity, median progression-free survival (mPFS), median overall survival (mOS), and correlation between tumor marker levels (thyroglobulin, calcitonin, and carcinoembryonic antigen) and efficacy. Between June 2006 and January 2010, 34 patients were included in the study. Sixteen patients presented differentiated thyroid carcinomas (DTC) of which seven (21%) were papillary, nine (26%) follicular, 15 (44%) medullary (MTC), and three (9%) were anaplastic (ATC). Eleven (32%) patients achieved partial response and 14 (41%) had stable disease beyond 6 months. Regarding histological subtype, RRs were 47% (seven of 15) for MTC, 19% (three of 16) for DTC, and 33% (one of three) for ATC. With a median follow-up of 11.5 months, mPFS were 13.5, 10.5, and 4.4 months for DTC, MTC, and ATC respectively. Tumor markers were evaluated in 22 patients, and a statistically significant association was observed between RR and decrease in tumor marker levels O50% (PZ0.033). In this retrospective trial, sorafenib showed antitumor efficacy in all histological subtypes of thyroid cancer, warranting further development in this setting.
Introduction
Several translational and clinical studies have been designed based on the knowledge of the main molecular steps that lead to the transformation of the normal follicular cell into an invasive thyroid carcinoma, whose results are leading to a more optimistic outcome for the treatment of these patients. Thyroid cancer has become one of the most fascinating models of carcinogenesis and is a particularly promising paradigm for targeted therapy.
A multistep model has been proposed as a mechanism for the neoplastic process in thyroid cancer, involving the main genetic mutations that provoke the tumor-initiating process in a follicular cell, and the phenomenon of oncogenic addiction to these particular mutations that makes them particularly interesting for directed therapy (Puxeddu et al. 2011) . One of the most important activating genetic mutations involves the RET/PTC-RAS-RAF-MAPK axis. For hereditary medullary thyroid cancer (MTC), mutations in the RET gene are essential in more than 95% of cases and are also important for the development of sporadic MTC (50% of cases) (Nikiforova & Nikiforov 2008) . Activating mutations in protein kinase B-type RAF (BRAF) kinase play a key role in the carcinogenesis of papillary thyroid cancer (PTC) in up to 45% of cases, as do RAS mutations (10%), as well as rearrangements in the RET gene (RET/PTC) in 5-30% of cases. These mutations have also been described in follicular thyroid carcinomas (FTC) affecting, in more than 40% of cases, three genes in the RAS proto-oncogene family (HRAS, NRAS, and KRAS). Genomic rearrangements occur in up to 50% of FTCs involving a translocation event between chromosome regions 3p25 and 2q13, which results in a fusion protein (paired box gene 8 (PAX8) with the peroxisome proliferatoractivated receptor g (PPARg (PPARG)) gene). Genetic alterations in the RAS-BRAF pathway have also been identified in poorly differentiated and anaplastic PTCs with the accumulation of other important protein mutations such as p53 (TP53), b-catenin, or phosphatidylinositol-3-kinase (PI3K (PIK3CA)). Additionally, upregulation of vascular endothelial growth factor (VEGF) and platelet-derived growth factor receptor (PDGFR (PDGFRB)) expression has been well described in thyroid cancer and correlated with tumor stage, size, and lymphatic and distant tumor spread with a detrimental impact on survival (Yu et al. 2005) .
Sorafenib ) is the first compound capable of inhibiting all RAF kinases that are administered in clinical practice. Moreover, sorafenib targets a panel of tyrosine kinase receptors such as VEGF receptors 1-3, PDGFRB, and RET, which give sorafenib not only proapoptotic properties but also antiangiogenic effects that are of special interest in thyroid carcinomas (Wilhelm et al. 2004) .
We report the results of a retrospective populationbased study evaluating the activity of sorafenib in patients with metastatic thyroid cancer.
Materials and methods

Patients
Eligible patients were R18 years old with histologically confirmed thyroid carcinoma (papillary, follicular, medullary, or anaplastic subtypes) for which no curative or standard palliative therapies were available. Patients had evidence of disease progression by Response Evaluation Criteria in Solid Tumors (RECIST) in the 12 months before entering the study, and all patients had measurable disease according to RECIST criteria. Previous therapies such as radioiodine therapy, radiotherapy, chemotherapy, or biologic treatment were permitted. Other inclusion criteria included Eastern Cooperative Oncology Group performance status (ECOG) %2 with preserved renal, hepatic, and bone marrow function. All patients provided written informed consent and were included in the Spanish compassionate use program. Also, authorizations from the hospitals' pharmacy departments, management, and central government for the off-label use sorafenib in patients with metastatic thyroid carcinoma were obtained for each patient.
Study design
This was a retrospective longitudinal study of a group of patients included in the Spanish off-label program of sorafenib for the treatment of metastatic thyroid carcinoma. Patients included in the analysis had received sorafenib 400 mg twice a day as long as it provided clinical benefit or until unacceptable toxicity occurred. Patients with papillary, follicular, medullary, and anaplastic subtypes were included. The study was performed in accordance with local legislation in seven Spanish referral centers. Clinical benefit was defined as partial response (PR) or stable disease (SD). Patients were withdrawn from the study after radiologically confirmed tumor disease progression according to RECIST. Patients were evaluated clinically every month and radiologically every 2-3 weeks. A cycle was defined as 4 weeks, and tumor evaluation was performed by computed tomography (CT) scan or magnetic resonance imaging (MRI) every 8-12 weeks. Tumor marker evaluation, carcinoembryonic antigen (CEA), thyroglobulin, and calcitonin tests were performed every 8-12 weeks. Dose adjustments were made according to toxicity profile.
Study end points and statistical analysis
The primary end point was efficacy evaluated in terms of response rate (RR) according to RECIST v1.0 (Therasse et al. 2000) . Secondary end points included toxicity profile, evaluated by means of the Common Terminology Criteria for Adverse Events v3.0. (CTCAE v3.0), median progression-free survival (mPFS), median overall survival (mOS), and the correlation between efficacy and tumor marker levels: thyroglobulin for differentiated thyroid cancer (DTC) that included PTC and FTC, and calcitonin and CEA for MTC.
Statistical analyses of survival were performed using a log-rank of Kaplan-Meier survival estimates and c 2 distribution for the correlation between tumor markers and efficacy. 
Results
Between June 2006 and January 2010, 34 consecutive patients included in the Spanish off-label program of sorafenib for the treatment of metastatic thyroid carcinoma were included in the study, whose baseline characteristics are summarized in Table 1 . Of the 34 patients with confirmed thyroid cancer, seven (21%) were papillary, nine (26%) follicular, 15 (44%) medullary, and three (9%) were anaplastic. At baseline, 33 patients (97%) had previously undergone surgery, 19 (56%) had received radiotherapy, 13 (38%) radioactive iodine therapy, 11 (32%) chemotherapy, seven (20%) had received somatostatin analogs, and one patient (3%) had received previous treatment with a tyrosine kinase inhibitor (TKI), namely sunitinib. All patients presented disease progression according to RECIST criteria before inclusion in the trial.
Efficacy
A total of 32 patients were evaluable for radiological response, but all 34 patients were included in the intention-to-treat analysis. Eleven patients reached PR and 14 reached SD beyond 6 months. The disease control rate (PRCSD) was 73%. The PR rate by histological subtype was 7/15 (47%) for patients with MTC, 3/16 (19%) for patients with DTC, and 1/3 (33%) for patients with anaplastic carcinomas. Disease control rate for patients with MTC was 87%, and for patients with DTC, it was 69% (Table 2) .
With a median follow-up of 11.5 months, mPFS was 10.5 months (95% CI: 6.13-14.87) for the whole group of patients including all subtypes. As expected, mPFS differed according to thyroid carcinoma subtype ( Fig. 1) , from 4.4 months (95% CI: 2.30-6.57) in the anaplastic population to 13.3 months (95% CI: 6.28-20.45) in patients with DTC and 10.5 months (95% CI: 4.49-16.51) in those with MTC. In terms of OS, the median for the whole group of patients was 23.6 months; when considering the different subtypes, the values were 5 months for the anaplastic tumor population and 23.6 months for the DTC population, although this value was not reached in patients with MTC ( Fig. 2) .
Marker correlation
Correlation between tumor marker decrease O50% and tumor response to sorafenib was analyzed. Thyroglobulin was used for DTC and calcitonin and/or CEA for MTC. Twenty-eight (82%) patients were evaluated for tumor marker response. In 16 patients, there was a decrease in any tumor marker O50% from baseline value, eight of whom achieved PR. Of the 12 patients who did not show a decrease in tumor markers, only one patient presented a PR. A statistically significant association was observed between O50% decrease of any tumor marker and the probability of achieving a tumor response according to RECIST criteria (P!0.05, c 2 analysis). Analysis by tumor subtype and tumor marker type did not show statistical significance owing to the low number of patients in each group.
Toxicity
The most common side effects (frequency R5%) were hand-foot syndrome, diarrhea, rash, asthenia, anorexia, stomatitis, hypertension, and abdominal pain. The majority of side effects were controlled with treatment delays or dose reductions. Table 3 summarizes all the toxicity profile observed during the study period. The toxicity profile was similar to that observed in patients with other primary tumors. Twelve (35%) patients required a dose reduction due to toxicity. No patient required increased levothyroxine dose while on treatment with sorafenib. There was one death due to intracranial hemorrhage during the study, and a relationship with sorafenib cannot be ruled out. 
Discussion
Until recently, medical management of advanced thyroid cancer refractory to standard treatments has been particularly challenging. Classical DNA-damaging drugs have demonstrated limited activity in this setting with no impact on survival. The knowledge of key mutational events in some genes including BRAF and RET that affect early stages of thyroid carcinogenesis has opened up a new scenario for targeted therapies. Sorafenib is the only available drug that targets BRAF, RET, and VEGF receptors, which are involved in the pathogenesis of thyroid cancers, offering a strong molecular rationale for the treatment of all thyroid cancer subtypes.
In this retrospective study, we have reported the activity and safety of sorafenib in a group of patients with any subtype of thyroid cancer involved in an offlabel program of sorafenib for the treatment of metastatic thyroid carcinoma. We acknowledge that our study has important weaknesses, including its retrospective nature, the small sample size, and the lack of a control arm. Indeed, with this design, it is impossible to draw any definitive conclusions on the activity of sorafenib in patients with metastatic thyroid cancer, which can only be addressed by larger prospective randomized, placebo-controlled, clinical trials. Despite, we believe that one of the advantages of our trial is that the study population consisted of consecutive patients who had not been previously selected under the strict inclusion criteria of prospective trials, so the data obtained reflect the clinical situation in some ways. Also, by including the first 34 consecutive patients, the risk of retrospectively selecting the cases with better outcomes and the possibility of underestimating the occurrence of adverse events and overestimating the drug's efficacy are reduced.
The data obtained in our study are consistent with the data obtained from previous studies with sorafenib and also with other TKIs in patients with DTC in which the PR rate has ranged from 6 to 49% (19% in this study), SD rates from 38 to 67% (50% in our study), and mPFS from 15 to 20 months (13.3 months in our study). However, certain discrepancies such as initially documented disease progression status are seen that are likely related to different inclusion criteria between studies (Table 4 ). More recently, results of a phase II trial of pazopanib on patients with metastatic, rapidly progressive, radioiodine-refractory DTC showed a PR in 18 out of 39 patients, yielding a RR of 49% (95% CI: 35-68) (Bible et al. 2010) . Also, high RRs have been obtained in patients with DTC with newer compounds, including lenvatinib (E7080). In a phase II trial of lenvatinib by Sherman et al. (2011) , confirmed PRs were observed in 29 of the 58 patients, yielding a RR of 50% (95% CI: 37-63), and median PFS was 12.6 months (95% CI: 10.4-14.1), similar to the PFS obtained in our study (13.3 months). A multicenter, randomized, double-blind, placebo-controlled, phase III trial is currently recruiting participants (NCT01321554). This trial is allowing the inclusion In a randomized, double-blind trial by Leboulleux et al., 145 patients with locally advanced or metastatic DTC were randomized to vandetanib (nZ72) or placebo (nZ73). Compared with placebo, vandetanib significantly improved PFS (11.0 vs 5.8 months; hazard ratio: 0.63; 95% CI: 0.43-0.92; PZ0.008), which is similar to the PFS obtained in our study (13.3 months) (Leboulleux et al. 2010) .
Currently, there is ongoing discussion about the best criteria to evaluate antitumor activity of targeted therapies, and it seems that RECIST criteria do not properly evaluate all the real benefits of new targeted agents in solid tumors. We chose RECIST v1.0 criteria instead of RECIST v1.1 criteria in an attempt to assess the maximum number of target lesions in the same organ. This contrasts with RECIST v1.1 criteria, which reduces the number of target lesions per organ and could subsequently jeopardize the best evaluation of a disease that usually metastasizes to one or two different organs with measurable disease (lymph nodes and lung) (Eisenhauer et al. 2009 ). The first international placebo-controlled phase III study with sorafenib in a population with DTC has recently completed its recruitment and will define the role of this TKI drug in the management of advanced radioiodine-refractory DTC (NCT00984282).
Data on sorafenib in MTC are limited compared with data on sorafenib in DTC. Other TKIs have demonstrated promising activity against MTC, such as cabozantinib (XL184), sunitinib, and motesanib (Table 4) . Vandetanib, in particular, has recently received US Food and Drug Administration (FDA) approval for the treatment of advanced MTC after positive results from a placebo-controlled phase III study, which demonstrated a significant benefit in mPFS (hazard ratio: 0.46; 95% CI: 0.31-0.69; -Related Cancer (2012) 19 209-216 www.endocrinology-journals.org P!0.001), objective RR (P!0.001), and disease control rate (PZ0.001) (Wells et al. 2011) .
Cabozantinib has also shown promising activity in a phase I dose escalation study carried out by Kurzrock et al. (2011) . In this trial, ten out of 37 patients (29%) with MTC obtained a PR. Moreover, preliminary results of the ongoing EXAM (Efficacy of cabozantinib (XL184) in Advanced Medullary Thyroid Cancer) trial (NCT00704730) have been reported (http://www. exelixis.com/pipeline/xl184), which show that cabozantinib produces a significant 2.8-fold increase in PFS compared with placebo (11.2 vs 4.0 months; hazard ratio: 0.28; 95% CI: 95% CI 0.19, 0.40; P!0.0001).
The few data available on sorafenib in MTC patients showed limited activity with PR rates !10% but higher SD rates especially in subgroup analyses of patients with tumor progression before study entry (Lam et al. 2010) . Our data support the efficacy of sorafenib in a population of patients with MTC, achieving similar results compared with other TKIs in this setting (Table 4) . Although trials are not directly comparable, it seems that different TKIs are able to provide significant benefit in MTC patients regardless of their affinity for wild-type or mutant RET receptors.
In ATC patients, the small sample number (nZ3) makes it difficult to extrapolate the data obtained from PR or SD. The observed results support a hypothesis of possible activity of TKIs in ATC. However, as some TKIs may need time to achieve active plasma concentrations to reduce tumor angiogenesis, these small molecules may not act as rapidly as necessary, and hence their use in ATC should be considered carefully.
The toxicity profile observed in this unselected cohort of patients was similar to that observed in previous studies and was managed mainly with both symptomatic treatment and sorafenib dose delay or reduction (35% in this study). It is of particular use to report the safety profile observed in routine clinical thyroid cancer patients, as toxicity data reported in patients in prospective clinical studies are often not taken from a representative sample. Although few patients presented grade 3-4-related toxicity, most patients presented some grade 1-2 side effects. For some of them, previously asymptomatic, this may represent a worsening in their quality of life that could jeopardize compliance to the treatment. Quality of life assessment is strongly recommended for future regulatory clinical trials.
With regard to tumor markers and their role in the evaluation of clinical efficacy, we observed that a reduction in CEA/calcitonin and thyroglobulin higher than 50% was correlated with PR. When we analyzed the data by tumor subtype and tumor marker type, the results were not significant due to the small number of patients. Data in this area are conflicting in phase II clinical trials and our results only suggest possible predictive biomarkers for tumor response. These results need to be confirmed in large prospective phase III clinical trials and should also provide information on the time to achieve marker response (not available in our study) in order to recognize, within a few weeks, those patients who are less likely to obtain objective response, which would shorten unnecessary drug exposure.
In summary, we report the efficacy and toxicity profile of sorafenib used off-label for the treatment of advanced and refractory thyroid cancer in an unselected population representative of routine clinical practice. The observed efficacy data are comparable to other published studies with sorafenib in DTC patients. However, we report a cohort of patients with MTC with interesting clinical activity warranting further development in this setting.
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